A new quinoline-based hydrazone, C 16 H 12 ClN 3 , was synthesized by a condensation reaction of 2-chloro-3-formylquinoline with phenylhydrazine. The quinoline ring system is essentially planar (r.m.s. deviation = 0.012 Å ), and forms a dihedral angle of 8.46 (10) with the phenyl ring. The molecule adopts an E configuration with respect to the central C N bond. In the crystal, molecules are linked by a C-HÁ Á Á-phenyl interaction, forming zigzag chains propagating along the [103] direction. The N-H hydrogen atom does not participate in hydrogen bonding but is directed towards the phenyl ring of an adjacent molecule, so linking the chains via weak N-HÁ Á Á interactions to form of a three-dimensional structure. The Hirshfeld surface analysis of the crystal structure indicates that the most important contributions to the crystal packing are from HÁ Á ÁH (35.5%), CÁ Á ÁH/HÁ Á ÁC (33.7%), ClÁ Á ÁH/HÁ Á ÁCl (12.3%), NÁ Á ÁH/HÁ Á ÁN (9.5%) contacts.
A new quinoline-based hydrazone, C 16 H 12 ClN 3 , was synthesized by a condensation reaction of 2-chloro-3-formylquinoline with phenylhydrazine. The quinoline ring system is essentially planar (r.m.s. deviation = 0.012 Å ), and forms a dihedral angle of 8.46 (10) with the phenyl ring. The molecule adopts an E configuration with respect to the central C N bond. In the crystal, molecules are linked by a C-HÁ Á Á-phenyl interaction, forming zigzag chains propagating along the [103] direction. The N-H hydrogen atom does not participate in hydrogen bonding but is directed towards the phenyl ring of an adjacent molecule, so linking the chains via weak N-HÁ Á Á interactions to form of a three-dimensional structure. The Hirshfeld surface analysis of the crystal structure indicates that the most important contributions to the crystal packing are from HÁ Á ÁH (35.5%), CÁ Á ÁH/HÁ Á ÁC (33.7%), ClÁ Á ÁH/HÁ Á ÁCl (12.3%), NÁ Á ÁH/HÁ Á ÁN (9.5%) contacts.
Chemical context
Quinoline hydrazones are important classes of organic compounds that have long attracted attention because of their potential biological and pharmacological properties. They were conventionally prepared by a condensation reaction of the carbonyl compounds with hydrazines. A number of compounds incorporating the quinolinic heterocycle and a hydrazone have been synthesized and tested for their potential as antitumor agents (Erguc et al., 2018; Mandewale et al., 2017) . Hydrazono-quinoline derivatives have been incorporated in many synthetic heterocyclic compounds in order to enhance the cytotoxic activity (Bingul et al., 2016) . Some of these derivatives may have anti-tuberculosis activity in vitro against various strains of Mycobacterium (Eswaran et al., 2010a (Eswaran et al., ,b, 2009 . Others have been studied as antibacterial agents (Desai et al., 2014; Vlahov et al., 1990) and antimalarials (Vandekerckhove & D'hooghe, 2015; Lyon et al., 1999; Nayak et al., 2016; Hamama et al., 2018; Chavan et al., 2016) . ISSN 2056-9890 In an attempt to find novel bioactive cytotoxic molecules, we have synthesized a series of quinoline-3-carbonitrile and 2-chloroquinoline derivatives by the reaction mechanism illustrated in Fig. 1 . A similar synthesis has been reported in the literature (Korcz et al., 2018) .
The structure of the title compound 5, has been elucidated using 1 H and 13 C NMR spectroscopy and X-ray diffraction analysis.
Structural commentary
Compound 5 was prepared by a condensation reaction of 2-chloro-3-formylquinoline with phenylhydrazine. It crystallizes in the monoclinic space group Cc. It is composed of a phenyl ring and a quinoline ring system linked by a -CH N-NH-spacer (Fig. 2) , and adopts an E configuration relative to the hydrazonic N2 C10 bond [1.277 (3) Å ].
The quinoline moiety is very slightly twisted, as indicated by the dihedral angle of 0.99 (10) between the C1-C6 and N1/ C1-C4/C9 rings. The phenyl ring (C11-C16) makes a dihedral angle of 8.49 (9) with the mean plane of the quinoline ring system. The C1-Cl1 bond length of 1.750 (2) Å is in good agreement with the value of 1.756 (2) Å reported for a related structure, viz. (E)-1-[(2-chloroquinolin-3-yl)methylene]-2-(4-methylphenyl)hydrazine, also known as 2-chloro-3-{[(4-methylphenyl)hydrazono]methyl)quinoline} (Kumara et al., 2016) .
Supramolecular features
In the crystal of compound 5, molecules are linked by a C-HÁ Á Á-phenyl interaction (Table 1) , with an HÁ Á Ácentroid distance of 2.97 Å , forming zigzag chains propagating along the [103] direction, as shown in Fig. 3 . The NH group of the hydrazone moiety does not form a hydrogen bond, but is directed towards the phenyl ring of an adjacent molecule, so linking the chains via a weak N-HÁ Á Á interaction (Table 1) , to form of a supramolecular three-dimensional structure (Fig. 4) . There are no other significant intermolecular contacts shorter than those of the sum of the van der Waals radii of the individual atoms (PLATON; Spek, 2009 Figure 2 The molecular structure of compound 5 with the atom labelling. Displacement ellipsoids are drawn at the 30% probability level. Reaction scheme: condensation of 2-chloro-3-formylquinoline with phenylhydrazine.
Figure 3
Chain of molecules of compound 5 linked by C-HÁ Á Á and N-HÁ Á Á interactions (Table 1) , shown respectively, as dotted orange and purple dashed lines. For clarity, H atoms not involved in these interactions have been omitted. Table 1 Hydrogen-bond geometry (Å , ) .
Cg is the centroid of the C11-C16 ring. 
Figure 4
A view along the c axis of the crystal packing of compound 5. H atoms not involved in the C-HÁ Á Á and N-HÁ Á Á interactions (dotted orange and purple dashed lines, respectively) have been omitted for clarity.
Hirshfeld surface analysis and two-dimensional fingerprint plots
In order to visualize the role of weak intermolecular contacts in the crystal of compound 5, a Hirshfeld surface (HS) analysis (Spackman & Jayatilaka, 2009) (Fig. 6e ) contacts (33.7 and 9.5% contributions, respectively, to the Hirshfeld surface). As shown in Fig. 6b , the most widely scattered points in the fingerprint plot are related to HÁ Á ÁH contacts, which make a contribution of 35.5% to the Hirshfeld surface. There are also ClÁ Á ÁH/HÁ Á ÁCl (12.3%; Fig. 6d ) and NÁ Á ÁH/HÁ Á ÁN (9.5%; Fig. 6e ) contacts, with smaller contributions from CÁ Á ÁC (3.5%), ClÁ Á ÁN (2.3%), CÁ Á ÁN (2.2%) and CÁ Á ÁCl (1.1%) contacts. Table 2 presents a comparison between the principal bond lengths and angles of compound 5 and the related structures. The bond lengths in the hydrazonic linkage -C N-N-remain almost unaltered in all four compounds, as do the C-C N-N torsion angles.
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Synthesis and crystallization
The multi-step reactions leading to the synthesis of the title compound 5 are illustrated in Fig. 1 . Details of the syntheses of compounds 2, 3 and 5 are given below. The overall two-dimensional fingerprint plot for compound 5, and those delineated into: (b) HÁ Á ÁH (35.5%), (c) CÁ Á ÁH/HÁ Á ÁC (33.7%), (d) ClÁ Á ÁH/H.ÁCl (12.3%) and (e) NÁ Á ÁH/HÁ Á ÁN (9.5%) contacts.
Figure 7
Structures of some related quinoline-hydrazine compounds. Table 2 Comparison of main bond lengths (Å ) and C-C N-N torsion angles ( ) in compound 5 and the related structures 5a, 5b and 5c. 2-Chloroquinoline-3-carbaldehyde (3) was synthesized from acetylated aniline (2), according to a Vilsmeier-Haack reaction, either by conventional methods (Ramesh et al., 2008; Rajakumar & Raja, 2010) , using microwaves (Mogilaiah et al., 2002) or ultrasonic irradiation (Ali et al., 2002) .
In a first step, we tried a simple reaction of 2-chloroquinoline-3-carbaldehyde (3) and phenyl hydrazine in ethanol at room temperature or with heating to synthesize a new pyrazolo-quinoline derivative, 1-phenyl-1H-pyrazolo[3,4-b]-quinoline (4). This was by a simple and different method from that described in the literature (Hamama et al., 2018) . Unfortunately, the reaction did not take the desired route and led to the formation of the title compound 5, 2-chloro-3-[(E)-(2-phenylhydrazinylidene)methyl]quinoline, resulting from the attack of the nitrogen of hydrazine on the aldehyde at position 3 of quinoline.
The reaction conditions for the synthesis of compound 5 were optimized by changing the solvent, the catalyst and the temperature. The best yield of 92% was obtained by the conventional method, viz. refluxing in ethanol for 10 min and without a catalyst. In the 1 H NMR spectra of this hydrazone quinoline, the single resonance for the proton of the -N(H)N group is observed at = 12.01 ppm, whereas the corresponding amide N CH proton appears as a broad singlet at 8.45 ppm. The spectra show that the chemical shifts of the protons on the aryl group have been assigned correctly. The structure of this hydrazono-quinoline, 5, was confirmed by the single-crystal X-ray diffraction study.
Synthesis of N-phenylacetamide (2): To a 500 ml flask containing 250 ml of water and 25% hydrochloric acid (15 ml, 0.108 mol), aniline (9.75 ml, 0.108 mol) was added. The reaction mixture was heated at 323 K for 10 min. Then, and at room temperature, acetic anhydride (10.3 ml, 0.108 mol) and sodium acetate (16.4 g, 0.2 mol) were added. The mixture was stirred for 20 min. The product obtained was filtered off and then dried, giving a white solid (yield 86%, m.p. 384-386 K). Synthesis of 2-chloroquinoline-3-carbaldehyde (3): Phosphorus oxychloride (POCl 3 ) (35 ml, 374 mmol) was added dropwise with magnetic stirring at 273 K, to anhydrous N,N-dimethylformamide (DMF) (10 ml, 135 mmol) in a double-necked flask. Once the addition was complete, the temperature was allowed to rise and the reaction mixture was left stirring for 30 min. Acetanilide 2 (7.29 g, 54 mmol) was then added and the reaction mixture was heated at 348 K for 4 h. Subsequently and at room temperature, the reaction mixture was poured in small portions into an Erlenmeyer flask containing a mixture of ice/water (200 ml) maintained with magnetic stirring. The precipitate formed was filtered and then washed with water (100 ml). 
Synthesis of 2-chloro-3-[(E)-(2-phenylhydrazinylidene)-methyl]quinoline (5):
To a solution of 2-chloroquinoline-3-carbaldehyde (3) (191.0 mg, 1 mmol) in ethanol was added phenylhydrazine (0.99 ml, 1 mmol). The mixture was stirred and refluxed for 10 min. The precipitate that formed was filtered, then washed repeatedly with diethyl ether. Subsequently, the precipitate was dissolved in pure ethanol. Pale-brown block-like crystals were obtained by slow evaporation of this ethanolic solution at room temperature. The crystals were then dried under vacuum (yield 92%, m.p. 429-429 K). Computer programs: APEX3 and SAINT-Plus (Bruker, 2016) , SHELXS2014 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , ORTEP-3 for Windows (Farrugia, 2012) , Mercury (Macrae et al., 2008) , PLATON (Spek, 2009 ) and publCIF (Westrip, 2010) .
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms could be located in a difference-Fourier map. During refinement they were placed in calculated positions and treated as riding: N-H = 0.86 Å , C-H = 0.93 Å with U iso (H) = 1.2U eq (N,C).
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2-Chloro-3-[(E)-(2-phenylhydrazinylidene)methyl]quinoline
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
